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Surface-plasmon-polariton (SPP) launchers, which can couple the free space light to the

SPPs on the metal surface, are one of the key elements for the plasmonic devices and nano-
photonics systems. Downscaling the SPP launchers below the diffraction limit and directly
delivering the SPPs to the desired subwavelength plasmonic waveguides are of importance
for high-integration plasmonic circuits. By designing a submicron double-slit structure with
different slit widths, an ultra-broadband (>330 nm) unidirectional SPP launcher is realized
theoretically and experimentally based on the different phase delays of SPPs propagating
along the metal surface and the near-field interfering effect. More importantly, the
broadband and unidirectional properties of the SPP launcher are still maintained when the
slit length is reduced to a subwavelength scale. This can make the launcher only occupy a
very small area of <A%*/10 on the metal surface. Such a robust unidirectional SPP launcher
beyond the diffraction limit can be directly coupled to a subwavelength plasmonic
waveguide efficiently, leading to an ultra-tight SPP source, especially as a subwavelength
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localized guided SPP source.

1. Introduction

Surface plasmon polaritons (SPPs) are electromagnetic fields
propagating along the metal-dielectric interface, and they attract
tremendous attention in high-integration photonic circuits
because of their subwavelength field confinements and strong
field enhancements.! However, due to the wave-vector
mismatching, the SPPs cannot be directly launched to the
smooth metal surface from the free-space light.> Thus, an ultra-
small plasmonic structure that can efficiently couple the SPPs
from the free-space light to a desired direction or region on the
metal surface is very important for the on-chip plasmonic
devices. In the past decade, considerable efforts were made to
design a variety of plasmonic structures to excite unidirectional
SPPs on the metal surface, which could both increase the
coupling efficiency and direct the SPPs to the well-defined
directions. These plasmonic structures include the slit-grating
structure,’ ridge-grating structure,* aperiodic grooves,>® tilted
grating,’ interfering nano-structures with different initial phases
of the SPPs,*° compact detuned antennas,'® waveguide-
termination coupling mirrors,'" and even the subwavelength
asymmetric nano-slit.'>'> By changing the states of the
illuminating light, such as the incident angle'*'> and
polarizations,'®!” or using a pump beam,'®!® the propagation
directions of the generated SPPs can be easily tuned in the
metallic-slit structures.'®!® To realize robust unidirectional SPP
launching and satisfy the wide operation bandwidth of
plasmonic circuits, broadband unidirectional SPP launchers
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have been proposed and demonstrated recently.’**> Using a
submicron asymmetric slit coated with a polymer film,?° the
bandwidth of > 100 nm for the unidirectional SPPs was
achieved experimentally. By designing a submicron groove-
doublet structure 2' or asymmetric optical slot nanoantenna
pairs 2 on the metal surface, broad bandwidths of >200 nm 2!
or >157 nm ** with high extinction ratios of >10 dB were
obtained. By adopting the chirped plasmonic gratings with a
lateral dimension of about 17 um ** or 4 um,** the bandwidths
of the unidirectional SPP source reached to 190 nm ** and 210
nm.>* With a pair of phased nanoslits,”” the broadband
unidirectional SPPs with a bandwidth of about 300 nm were
numerically predicted. While, the generated SPPs from all of
these SPP launchers propagated bulkily along the metal surface,
3-10.1235 1eading to diverging SPP sources or approximate plane-
wave SPP sources on the metal surface.

For the future plasmonic circuits of high integration, it is
vital that the unidirectional SPP launchers occupied a very
small area beyond the diffraction limit. More importantly, the
unidirectional SPPs generated by the ultra-small launcher
should be directly and efficiently coupled to a subwavelength
plasmonic waveguide rather than bulkily propagate along the
metal surface without any confinements. Although some of
these unidirectional SPP launchers possessed very small lateral
dimensions (parallel to the SPP propagation direction along the
metal surface), which can even be downscaled to
subwavelength,12"14’22’23 nearly all of the unidirectional SPP
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launchers had very large longitudinal dimensions (> 104,
perpendicular to the SPP propagation direction along the metal
surface).*”'*?° This significantly limits the on-chip integration
density of the plasmonic devices. Moreover, the generated SPPs
propagated bulkily along the metal surface without any
confinements®'® '>%>_ This makes it hard to directly couple the
generated SPPs to subwavelength plasmonic waveguides.
What’s worse, the bulky propagation of the SPPs would bring
large crosstalk between different plasmonic devices in high-
integration plasmonic circuits. Therefore, realizing an efficient
unidirectional SPP launcher with small occupied areas beyond
the diffraction limit on the metal surface and meanwhile
coupling the SPPs directly to a subwavelength plasmonic
waveguide are an enormous challenge.

In the letter, we design a submicron double-slit structure on
the metal surface, which comprises two nano-slits of different
slit widths on the metal surface. Different from the previous
phased nanostructures,®'®'*2?!?%2% the two slits in the double-
slit structure generate the SPPs of nearly equal amplitudes and
initial phases. Based on the different phase delays of SPPs
propagating along the metal surface and the near-field
interfering effect in the submicron double-slit structure, an
ultra-broadband SPP launcher is realized theoretically and
experimentally. The bandwidth is larger than 330 nm, which is
greater than that in the previous structures.’** Moreover, its
broadband and efficient properties are still maintained when the
slit length is reduced to a subwavelength scale (<A/10), which is
about one hundred times smaller than that in the previous
unidirectional SPP launchers.>®'?> This significantly shrinks
the occupied area of the SPP launcher on the metal surface to
be smaller than 1%/10. To avoid the bulky propagation of the
SPPs along the metal surface, such a robust unidirectional SPP
launcher beyond the diffraction limit is directly coupled to a
subwavelength plasmonic waveguide. Therefore, the double-slit
structure beyond the diffraction limit can act as an ultra-small
SPP source, especially as a subwavelength localized guided
SPP source, which has many important applications in high-
integration plasmonic circuits.

2. Simulation results of the double-slit structure

The proposed double-slit structure is schematically shown
in Fig. 1(a), which comprises only two nano-slits with different
slit widths (w; and w,). Here, the slit length (perpendicular to
the x-y plane) is assumed to be infinite.
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Fig. 1 Unidirectional SPP launching in the doubles-slit structure.
(a) Schematic and geometry parameters of the double-slit
structure. (b) Intensity of the SPPs generated by the metallic
double-slit structure for different slit separations when w;=600
nm and w,=140 nm. Field distributions of the power flow in the
double-slit structure for (¢) =225 nm and (d) &=1036 nm.

It is well known that Yong’s double-slit structure of equal
slit widths is very famous and its far-field interfering pattern is
usually used to demonstrate the wave nature of light. In the
letter, we mainly focus on the near-field SPPs generated by the
metallic double-slit structure on the front metal surface. When a
p-polarized beam illuminates the double-slit structure from the
back side, each slit acts as a SPP source, which can launch two
equal SPPs propagating to the opposite directions on the metal
surface, as shown by the half-hollow and hollow red arrows. In
each direction, the SPPs generated by the two slits will interfere
with each other. This interference will greatly manipulate the
SPP intensities away from the double-slit structure, as shown
by the solid red arrows.

It is easy to obtain that the interfering SPPs (coming from
the two slits) in the right and left directions have phase
differences of

2z 2r
(I)R = Tneffd +7W2 + (0,
D, zzlneffd +2lW1 —@Q
A A )

where, the subscripts of R and L denote the right and left
propagation directions of the SPPs, respectively; n.gy is the
effective refractive index of the SPPs propagating along the air-
metal interface; d is the separation of the double slits; and ¢
equals ¢;-¢,, in which ¢, and ¢, are the sum of the phase shifts
brought by the light propagating through the Slit 1 and Slit 2,
the SPP excitation at the Slit 1 and Slit 2, and the SPPs
transmitting through the edges of the Slit 2 and Slit 1. It is
noted that w; and w, are independent in Eq. (1). Thus, the
conditions of both ®gx=(2m+1)7x and O =2m'+2)x (Where m=0,
1, 2... and m'=0, 1, 2...) can be easily satisfied by choosing
different values of w; and w,. When the separation of the
double slits (d) is fixed, the values of w; and w, are determined
by
_Q@mADTAP g
2
_ Cm+x (pﬂ—neffd
2 (2)
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In this case, completely destructive interferences for the right-
propagating SPPs and completely constructive interferences for
the left-propagation SPPs will occur if the interfering SPPs
have equal amplitudes. Simulations with Comsol Multiphysics
show that the condition of equal amplitudes for the interfering
SPPs can also be easily obtained by using different slit widths
(Figure S1 in Supplementary Information). Thus, the slit widths
can manipulate both of the phase differences and amplitudes of
the interfering SPPs in the double-slit structure. By choosing
proper slit widths, an efficient unidirectional SPP launcher of
high extinction ratios can be achieved in the double-slit
structure.

To demonstrate our proposal, the SPP intensities excited by
the double-slit structure are calculated by varying the slit
separation of d (ranging from 100 nm to 6000 nm), and the
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results are shown in Fig. 1(b). Here, the double-slit structure on
a 500-nm-thick gold film is illuminated by a plane-wave p-
polarized beam of A=830 nm from the back side. In the
simulation, the permittivity of the air and gold are set to
eai=1.0 and £,,=—26.61+1.665i at =830 nm, ** respectively.
When the slit widths are set to be w;=600 nm and w,=140 nm,
the two interfering SPPs in the right direction have equal
amplitudes. This can result in a completely destructive
interference of the SPPs in the right direction when
Or=(2m+1)x, such as Iz=0.001 for =1036 nm, as shown by the
red line in Fig. 1(b). Meanwhile, nearly completely constructive
interference is obtained in the left direction (/;=3.3 for d=1036
nm), as shown by the black line in Fig. 1(b). This agrees well
with our analysis above. Herein, the SPP intensity generated by
the double-slit structure is normalized to that in the single nano-
slit with a width of w=140 nm. Simulations show that similar
results can be obtained by normalizing the SPP intensity to that
in the wide slit because the narrow and wide slits can generate
the SPPs with nearly equal intensities (Figure S1 in
Supplementary Information).

From Fig. 1(b), it is obviously observed that the curves
exhibit periodic oscillation behaviours, and the period referring

to the separation of d is P=814 nm=~Aspp=[(Eait€au)/( Erian)]”>

This matches well with the value of Ad=/spp inferring from Eq.
(1). Typical power flow distributions with d=225 nm and
d=1036 nm are presented in Fig. 1(c,d). It is clearly observed
that the SPPs generated by the double-slit structure mainly
propagate to the left direction. For the right direction, the SPPs
are completely vanished, and the extinction ratio can reach up
to 10xlog(/ /Ir)=35 dB for d=1036 nm. Therefore, efficient
unidirectional SPP launching is successfully realized in the
simple double-slit structure by using different slit widths.
Besides, it is found that the decreasing of w; and increasing of
w, would increase the SPP launching efficiency but decrease
the extinction ratio. Since the propagation constant of the SPPs
in the metal slit is insensitive to the wavelengths and the slit
width when the slit width is greater than 100 nm, the thickness
of the metal film (#) nearly has no influence on the
unidirectional SPP launcher.

Based on Eq. (1), the variation of @y induced by changing
the incident wavelengths is ADg=2x[(d+w,)/A*]A1. When d+w,
is much smaller than A, A®y is varied slightly when changing
the incident wavelength (A1), indicating that @y is insensitive
to the incident wavelength. Thus, to achieve a broadband
unidirectional SPP launcher, the smallest separation (d,;;=225
nm) should be chosen, as shown by the left dashed line in Fig.
1(b). In this case, the unidirectional SPP launcher possesses the
smallest lateral dimension of 965 nm. To present this
phenomenon, the SPP intensities generated by such a
submicron double-slit structure at the wavelengths ranging
from 700 nm to 1100 nm are calculated, and the results are
displayed in Fig. 2(a). Herein, the permittivity of gold as a
function of A is taken from the experiment results *° and
expanded by using the method of interpolation. It is observed
that the intensity of the left-propagating SPPs is much greater
than that of the right-propagating SPPs in the investigated
wavelength range. Hence, the SPPs mainly propagate to the left
direction for a broad bandwidth, and the bandwidth is greater
than 330 nm based on the definition in Ref. [21,22,25], where
the extinction ratio is greater than 10 dB. At A1=835 nm, the
extinction ration can reach up to 10xlog(/i/Ix)=39 dB.
Moreover, the intensity of the generated SPPs is greater than 2
in this bandwidth, as shown by the black line in Fig. 2(a). The
coupling efficiency, which is defined as the quotient of the
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power flows between the generated SPPs and the incident beam,
is strongly depends on the spot size of the focused laser beam.
For a given focused spot size of the incident laser, such as 1.1
um,"" the actual value of the coupling efficiency is about 5% in
the submicron double-slit structure. Simulation shows that the
generated SPP intensity with such a tightly focused laser beam
only decreases to about 81% of that by using the plane-wave
incidence. This mainly attributes to the submicron dimension of
the double-slit structure. This also reveals the robust realization
of the unidirectional SPP launcher.
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Fig. 2 Ultra-broadband unidirectional SPP launching and the
phase analysis. (a) Intensities of the generated SPPs at different
wavelengths. (b) Phase differences of the interfering SPPs
(generated by the two slits) in the left and right directions. The
solid symbol lines are the simulations results, while the dashed
lines are the calculated results based on Eq. (1).

To further understanding the underlying physics of the
ultra-broadband unidirectional SPPs in the submicron double-
slit structure, the phase differences of the interfering SPPs
generated by the two slits in the two directions are calculated,
and the results are shown by the solid lines in Fig. 2 (b). The
phase differences of the interfering SPPs based on Eq. (1) are
also given by the dashed lines in Fig. 2(b), where ¢=0.15x. It is
noted the agreement between them is excellent. For the left-
propagating SPPs, it is observed that @, varies from 2.2x to
1.3® when changing A (black lines in Fig. 4b), and the
constructive interference can occur at most of the wavelengths
in the investigated range. Hence, the intensity is greater than
1.8 in the investigated wavelength range, as shown by the black
line in Fig. 2 (a). For the right direction, d+w, is only about 365
nm, which is much smaller than the incident wavelength. This
is near-field interference, and thus it is difficult for the right-
going SPPs to accumulate enough phase differences. This
makes the phase difference of ®; being insensitive to the
incident wavelength, so the value of ®y is nearly equal to 7 in
the investigated wavelengths, as shown by the red lines in Fig.
2(b). Moreover, the amplitudes of the interfering SPPs in the
right direction are comparable [Figure S2(b) in Supplementary
Information]. Based on the interference condition, nearly
completely destructive interferences can be obtained for the
right-propagating SPPs in the investigated wavelength range.
This results in the intensity being very small (/<0.5), as shown
by the red line in Fig. 2(a). Therefore, the SPPs generated by
the submicron double-slit structure mainly propagate to the left
direction for a broad bandwidth, revealing an ultra-broadband
and efficient unidirectional SPP launcher.

3. Experimental demonstration of the ultra-
broadband SPP launcher

In the following, we further demonstrate our proposal
experimentally. The submicron double-slit structure is
fabricated using focused ion beams (FIB) in a 450-nm-thick
gold film, which is evaporated on a glass substrate with a 30-
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nm-thick titanium adhesion layer. Fig. 3(a) shows the scanning
electron microscopy (SEM) image of the experimental sample
on a gold film. The compact double-slit structure is located on
the lower and middle part of the image. Fig. 3(b) displays the
details of the double-slit structure. The measured geometrical
parameters of the double-slit structure are as follows: the
widths of Slit 1 and Slit 2 are about w;=580 nm and w,=160
nm; the separation of the two slits is about 4=200 nm; and the
length of the slits is about Ly;=10 um. So, the total lateral
dimension of the double-slit structure is only about 940 nm. On
the two sides of the image, two decoupling gratings (period of
760 nm and separation of about 30 um) are fabricated to scatter
the SPPs for the far-field detection. In this experimental
configuration, it is difficult to measure the coupling efficiency
of the double-slit structure because the decoupling efficiency of
the gratings cannot be obtained in the experiment. To address
the problem, an in-chip reference slit of w=160 nm is fabricated
on the upper lower and middle part of the image in Fig. 3(a),
which allows us to directly compare the measured results with
the simulation results (without measuring the decoupling
efficiency). Moreover, the laser power fluctuation and the
dependence of the detector sensitivity on the wavelengths can
be eliminated in the experiment.

Intensity
o

o
o

e =
A -

0.0 3
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Fig. 3 Experimental demonstration of ultra-broadband
unidirectional SPP launching in the submicron double-slit
structure. (a) SEM image of the experimental sample. (b)
Details of the double-slit structure. (¢) CCD pictures of the
scattered light from the decoupling gratings at =800 nm. (d)
SPP intensities measured at different incident wavelengths. The
black and red solid lines are obtained by smoothing the
experimental results.

In the experiment, the experimental sample is normally
illuminated from the back side using a p-polarized laser beam
(Ti:sapphire laser) with a radius of about 100 um, which could
ensure nearly uniform incident intensities over the slits and
avoid the noise of the incident light. The generated SPPs
propagate along the front metal surface and then are scattered
by the decoupling gratings. The scattered light is collected by a
long working distance objective (Mitutoyo 50x NA=0.42) and
then is imaged onto a charge coupled device (CCD). In the
CCD pictures, it is observed that the signal intensities scattered
from the upper part of the two decoupling gratings are nearly
the same because the referenced nano-slit is a symmetric
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structure. However, for the lower part of the two decoupling
gratings, the phenomenon becomes quite different. It is
observed that the lower half part of the right decoupling grating
is very dark for a large incident wavelength range, while the
lower half part of the left decoupling grating is very much
brighter than the upper part. One typical CCD picture at the
wavelength of =800 nm is displayed in Fig. 3(c). Here, the
strong light transmitted from the middle nano-slits is blocked
by a diaphragm, and only the scattered light from the
decoupling gratings is imaged on CCD. The CCD picture
obviously shows that the generated SPPs propagate to the left
direction efficiently. Fig. 3(d) shows the measured SPP
intensities for various incident wavelengths. Here, the SPP
intensity, /, is obtained from the quotient between the light
intensities scattered from the lower and the upper parts of the
decoupling grating (evaluated by integration over a spatial scale
on the grating). The measurement of the relative SPP intensities
36-10.12-25  can eliminate the laser power fluctuation as well as
the dependence of the detector sensitivity and decoupling
efficiency on the wavelengths in the experiment. Moreover, we
can compare the measured results with the calculated results
directly.

It is noted that the SPPs in the left direction is always much
greater than that in the right direction, revealing ultra-broad and
efficient unidirectional SPP launching in the submicron double-
slit structure. This results match well with the simulation results
in Fig. 2(a). The slight differences between the experimental
and simulation results are mainly attributed to the imperfect

fabrications [Fig. 3(a,b)] and the structural dimensional
deviation. But the ultra-broadband unidirectional SPP
launching is obviously observed, indicating the robust

realization of the unidirectional SPP launching in such a small
structure. Further simulations show that the slight fabrication
deviation of 10% in the double-slit structure can be accepted for
realizing the broadband unidirectional SPP launching.
Therefore, by engineering the slit widths in the submicron
double-slit  structure, the ultra-broadband and efficient
unidirectional SPP launcher is successfully realized in the
experiment.

4. Downscaling the unidirectional SPP launcher
below the diffraction limit on a subwavelength
plasmonic waveguide

For this SPP launcher, the slit is still very long (Lg;>104),
which greatly limits its integration density in the future
plasmonic circuits. Moreover, the generated SPPs propagate
bulkily along the metal surface, just like the previous structures.
3101225 This will bring large crosstalk to other on-chip
plasmonic devices on the metal surface. This also makes it
difficult to couple the SPPs directly and efficiently to
subwavelength plasmonic waveguides. Fortunately, it is found
that the ultra-broadband properties of the SPP launcher are still
maintained when the slit length is reduced to a subwavelength
scale, as schematically shown in Fig. 4(a). Here, the slit length
of the double-slit structure is reduced to be Lg; =240 nm, so the
unidirectional SPP launcher occupy a very small area of about
A*3 on the metal surface. To realize subwavelength
confinements of the SPPs for potential applications in highly
integrated plasmonic circuits, the shortened double-slit
structure is directly coupled to a subwavelength plasmonic
waveguide, as shown in Fig. 4(a). The inset in Fig. 4(a)
presents the sectional view of the plasmonic waveguide, which
consists of a metal strip with a cross-section dimension of
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240%300 nm> on the 200-nm-thick gold film. The field
distributions of the SPPs generated by this structure are
simulated and the results are shown in Fig. 4(b), where the
SPPs are mainly coupled to the left subwavelength plasmonic
waveguide at A=830 nm. The inset in Fig. 4(b) displays the
field distribution of the SPP mode in the plasmonic waveguide,
revealing a well confinement of the SPPs (mode size of about
400 nm) by the subwavelength metal ridge. More simulations
show that the unidirectional launching properties of the SPP
launcher can be obtained when the slit length is further reduced,
such as Lg;=70 nm (Figure S3 in Supplementary Information).
In this case, the occupied area of the unidirectional SPP
launcher can be downscaled to be 0.067 um?®, which is smaller
than A%10. This significantly downscales the SPP launcher
below the diffraction limit.
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Fig. 4 Downscaling the unidirectional SPP launcher below the
diffraction limit and directly coupling the generated SPPs to a
subwavelength plasmonic waveguide. (a) Schematic structure
of the shortened double-slit structure directly coupled with a
subwavelength plasmonic waveguide. Inset shows the sectional
view of the subwavelength plasmonic waveguide, where s=
Lg;;=240 nm, A=300 nm and #'=200 nm. (b) Field distribution
(power flow) of the shortened double-slit structure 100 nm
above the subwavelength plasmonic waveguide. Inset shows
the field distribution of the SPP mode supported by the
subwavelength plasmonic waveguide. The SPP mode has an
effective refractive index of n.4~1.04 and a propagation length
of Lspp=~20 um. (¢) SEM image of the experimental sample. (d)
Details of the shortened double-slit structure coupled with a
subwavelength plasmonic waveguide. (¢) AFM image of the
subwavelength plasmonic waveguide. (f) CCD pictures of the
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scattered light from the experimental sample (down) and the
reference sample (top). (g) Measured (dots) and simulated

(solid lines) results of the SPP intensity at different
wavelengths.
Experimentally, such a shortened double-slit structure

beyond the diffraction limit is fabricated by the focused ion
beams on the metal surface, as shown in Fig. 4(c). We first
fabricate the subwavelength plasmonic waveguide by etching
two 300-nm-deep rectangles with a length of 30 pm and a width
of 2 pm on the gold film, leaving a metal strip, as shown in Fig.
4(c). Then, the shortened double-slit structure is etched in the
subwavelength plasmonic waveguide. Last, two decoupling
gratings with lengths of about 6 pm are fabricated at the end of
the subwavelength plasmonic waveguide. The details of the
structure are displayed in Fig. 4(d). The measured structural
parameters are about w;=550 nm, w,=120 nm, d=250 nm, and
Lg;=280 nm. So the SPP launcher occupies a very small area of
only about 0.26 pm? which equals about A%/3. Fig. 4(e)
displays the atomic force microscope (AFM) image of the
subwavelength plasmonic waveguide on the metal surface, and
the measured height of the plasmonic waveguide is about 300
nm. Thus, the metal strip in the plasmonic waveguide has a
cross-section dimension of about 280x300 nm”. An on-chip
reference structure which only comprises a single shortened slit
with a width of w=550 nm and a length of Ly;=280 nm in the
plasmonic waveguide is also fabrication (Figure S5 in
Supplementary Information). Under the illumination of a bulky
p-polarization light, a bright spot is clearly observed on the left
grating in the CCD picture, while the right grating is nearly
dark, as shown by Fig. 4(f). In addition, it is noted that the area
of the bright spot is much smaller than that of the decoupling
grating [the red dashed rectangle in Fig. 4(f)]. While, without
the coupling plasmonic waveguide, the whole decoupling
gratings are lit up in the CCD pictures (Figure S6 in
Supplementary Information). Hence, in our investigated sample
[Fig. 4(c)], the generated SPPs are efficiently coupled to the
subwavelength plasmonic waveguide in the left direction,
indicating a strongly localized guide SPP source. The SPP
intensity for the two directions at different incident wavelengths
is also measured, and the results are shown by the dots in Fig.
4(g). These results match well with the simulation results [solid
lines in Fig. 4(g)]. Therefore, the ultra-broadband and efficient
properties of the unidirectional launcher are still maintained
when the slit length is reduced to a subwavelength scale, and

the generated SPPs can be directly coupled to the
subwavelength  plasmonic  waveguide.  Although the
conventional laser is used in the experiment, this

subwavelength SPP launcher shows potential applications in
the area of integrated a nanolaser *”?® or a nano source *° with a
subwavelength waveguide, which can considerably improve the
degree of integration in the future nano-plasmonic circuits.

5. Conclusions

By using the submicron double-slit structure, the ultra-
broadband unidirectional SPP launcher was demonstrated
theoretically and experimentally. The phase differences and
amplitudes of the interfering SPPs in the double-slit structure
could be engineered by the slit widths simultaneously. As a
result, an ultra-broadband (>330 nm) unidirectional SPP
launcher was realized in the submicron double-slit structure.
More importantly, its ultra-broadband and efficient properties
were still maintained when the slit length was reduced to a
subwavelength scale. This could significantly shrink the
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occupied area of the launcher on the metal surface to be smaller
than 1%/10. Moreover, the ultra-broadband unidirectional SPP
launcher could be directly coupled to the subwavelength
plasmonic waveguide. Such a robust unidirectional SPP
launcher beyond the diffraction limit can act as an ultra-small
SPP source, especially as a subwavelength localized guided
SPP source. Therefore, it may find important applications in
broadband and high-integration plasmonic circuits. The
engineering of amplitudes and phase differences of the SPPs
with slit widths in the subwavelength plasmonic waveguide
may pave new route to manipulating the light at the
subwavelength scales.
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